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a. ..INVERTED PENDULUM HORIZONTAL POSITION Xb 

B. . . UPPER BODY MASS POINT OFFSET 

C. ..UPPER BODY TYPICAL POINT 

D. ..UPPER BODY COORDINATE SYSTEM 

E. .. SWING LEG FLAT MASS POINT OFFSET 
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H. .. ABSOLUTE COORDINATE SYSTEM {GLOBAL COORDINATE SYSTEM) 
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(57) Abstract: A legged mobile robot, 
particularly, a biped robot, wherein a dynamic 
model showing the relation between the motion 
of an upper body and a leg part and a floor 
reaction is provided, the parameters of gait 
patterns including the parameters determining 
the routes of the leg part are determined 
temporarily, the parameters of cyclic gait patterns 
followed by the gait patterns are estimated, the 
parameters of the gait patterns are corrected 
so that the routes of the upper body determined 
based on the dynamic model and the parameters 
of the gait patterns are converged to the routes 
of the upper body determined by the parameters 
of the cyclic gait patterns, and the instantaneous 
values of the gait parameters are determined 
based on the corrected parameters, whereby 
the gait patterns such as any step, turning angle, 
and walking frequency can be generated by 
generating freely and in real time the gait patterns 
including the floor reaction while meeting the 
requirements for dynamic equilibrium, the gait 
patterns allowing the continuous displacement 
and speed of each portion of the robot and a 
high allowance of stability can be generated 
in the boundaries between the generated gait 
patterns, and the gait patterns can be generated 
by predicting the future behavior of the robot so 
that an inconvenience such as an uncontrollable 
attitude is not produced. 
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k-l 

uo = £ (exp(-O)0iAt)*ZMPpend[i]) 

i==0 • • ■ • ftl 6 

BP^'s A*ZMPpend[iKi=0,1.2..".,k-l) tt. SKisS 1 6i:J:^t, «Jffl^^ 

mm. 3 : usriHan©^* 

mzmiZTFir «k-5fc\ ZMPpend[i3#**H^(D^&^ ZMPpend' [i] 
3&<H»fCI)*^Wn A ttzitM/o^mmCi- nAt)t?*5tU A^MZMPpeii 
d[i]&OT^Vl^C^mbfw%cD£UO > AA^iZlCPpend' [il ^SMB'*;!/*^** 
Lfc*>©£rU0' fc-T&fc. UO' liS^l 7fl)J:^4«. 

U0 r =U0*exp(-nG) 0 At) 

• •* ' • • ■ ftl 7 



X M *£ (^S(I26) 
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^btl5 ZMPA^Jte. B^ZMP^mtotal/mb ^Wcl,©t, iZMPC 
&£©T?. gfgZMPfCmtotal/mb ^li!)™©^^^ 

o 

5c£IH "(TfcTO-fc) &®M?%i)\ &LTom^-Vi±, SJ8©££©7fc«>. 1 &tg 

«30R^©ZKfP (ZMPpend ) ftjgibtil 0 5ft*fr*i**SlJ£ 
t5 0 KHitt. *BPI (*$|H) ^periodti] T^©Kf!3©MIttrtW[i}-e&£ 
t"T5o c©ZMP{c < fc^T^-r'SSIiS:^^m&^fc^©)M®tT;u=i , '';X 

. A^KllfflB^ZMP A* fc OT. x=f Ct)jW*H6BB [ 0 , T] © 

MAJf&tiizz. tiiioT^f^W^ M o tt: A2J $ fU ttlHfiftrW 
&R3MHIA t ©^Ol/X©^;#^cmSbfc%©^HCfCt).T) ttSo 

Bfrfcs HCf(tXT) }i N ^©ifcsU 8i:^taiSi«I , ?«ft*n« Ceo 

T/At-l 

H(fCt),T)= I - (kAt)exp(-cokAt) 

• ■ • tk 1 8 

IftttC- EH i ©«ac35-7-ZMPjftBtt. £1 1 HC^t J: -5 C s 

x=f(t)= 1 ©^?»r*»©H<fCt).t> *HCl.DfclBatt-*^ ^HSK»© 
H(l,T)<l-exp(~ ' (l~ ex P(~ w At » 

■ ■ ■ iu 9 

& # £ US (S&KI26) 
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x = f(t)=t©5>^W$0HCf(t).T) #H(t.T)iEiB-f at, «*2 0 fc;^ 

H(t,T)/T-(Atnr*exp(- co A.t)H(l,T)-exp(- cot)) / (l-exp(- co At)) 

• • • ifc 2 0 

±EJK^«DH»f Ttt. «Wf#FCfCt>,T) ##:fet,te^»#fei&S*<. *©H5fw 
TfeFCfCO.T) *f-^fttt*,At^ 

t©«SaffZMP^O**4C!l*l/fefcO (HIS* CfttWtW)" * 

*i\ EH i O=0. 1, -5)0«Sa?ZMPO*fi, KB i ©SFJWSfffcA 
^^W^T^-pT, *<pnmWMQ9-HHBL& t ©^;t/X©;*:££inf [i]Ki 

i]©^jfet«^^CZMP[i+l]-ZMP[i])/period[i] ©5 >:/i6©ftF-e^:b£ n£ 
©-e\ /^^^«JF«{i»5C 2 1 ^--r J: 9 i^^, 

• inf[i]=H(l, period[i])*ZMP[i]+H(t, period[i]) / period[i]*(ZMP[i+l] -ZMP[i]) 

• • ■»21 

KHperiod[i] 0=0.1,.., aDOflttdg^ZMP ®&W&, tttt 0 

] caw**-*, ttf 3^e> ^^^3fe»tttt»st2 2©j:-5t=#waFnSa 

i-l 

inf' [i]=iirf[il*exp(-co0( £ periodfk])) 
01 OHfcw**<rofi^ZMPttJB£E;H<©»»MU S-KBBclttas^ZMP 
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w-£ infra 

i=0 

• - "S23 

^24 izfirt tit£.ft 2>o 
W*(exp(- co 0 A t)-l) 

• • • f$t 2 4 

m 

W*(exp(-co0 At)- l)*exp( co 0( X periodp])) 

i=0 

• ■ • £f2 5 



£ # JS & (HtJPJ26) 
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* 1 2ili, *©3k#&J&IB 1 0 0 <D&&&J&t6m&7fiiT7ci- . r + - h ( 
^TttW-*** ir, £1* S 1 0 tz&^XWM t * 0 izWmik-tZKZm* <D$)ffl 

<tr?m&ff3o m^s i 2*sts i 4(cit&, fflwsia«©^viijo&<* 

0 CitttTo 

S 1 8»riitpt*l*«F«t*0lc*BSI!YfcU ^V^TS2 2 Kit*. *fclii#«g3t 
Hk^-C, S2 4 Kit*, ^®3*&0**^5.>f-:*$HRftJfc agK^IU) f 4 

a 

£ His. * * „ "T-i £ ft ^ J: -5 [:£¥^Cffig»t 5 £ £ *fc fc * ©ftg 
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^SCZMP^fttS««^M^^tfa (#H(M¥1 0-8 



WO 02/40224 



32 



PCT/JP01/10026 



§ ffcMf^^CiMS tffc * * . £tt<^J:? {cS^F^rl^f cm^m-t ^ 
SI 1^0^*Ji:t> , ||2SeIaI^©^ff^l9^ ^Hf^Jiffl ir^-Mf § C 

m i umi^g*? «t &m 2 ^®^cd zmp * - * < 

SjflB±#^j«feffaffi©lfx o. v ok— cofgxo, vo£ 

©.fc-SKttSo fc*?U X 0 £■ (xO, y0) igtCtiU VOCol^li 
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HE^n-So ip^ s xo + vo/^o mnmm^owm 

#1 5 0tt> 2I7Q-. ^ + - h©S 2 8 ®£raB;$#0!D&£1fcJft 

!Si3ti^7^^ M^2 6^^5o I*Z MP £ZMP total t 
q[k] = exp( 0) Ok A t) * Q [0] 

• +exp(coOkAt)*(-ejcp(coOAt)-l) £ exp(-a>0 At)*MtotaJ/mb*ZMPtotal[i]) 

i=0 
k-l 

-exp(coOkAt)*(-exp((i)OAt)-l) £ exp(-i6)0 At)*mfeet/mb*ZMPfeet[i]) 

i=0 

• - • »2 6 

ff^^ictafc&i^ ^if6ia^i:SPE2iacia^t±s im ^»^©3e**p 
ann»*c«a*nTt^ ^©tuwaebTt^-str^ 1 nm^t^2^EaiM 

©SJSil*^lt-r§ 0 ^SelHl#^©i^%I^M^k A t it5o 

*©ro^s©i*sj 0 testers,, 

2 3®fct. B»ZMP/<^->tCJ;oT5S^-rS»4Slfi1BcS5^St>-ro 3 
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SfexS 1 9, 20, 21, 22, 23, 2 5 i:$tT;l/^ ij 
l^T#*f S 0 cn^-Wzraptotalt^^o (X YJyfafrfoZ®*?, Wzmpt 

»*£=j£U §?.(cZMPfeetCi]Ci=0, L-,k) 85* 1 , 2fr&Jfctf>. cn^ 
izffi©#iK LT^febftfc-fil^Wfeeti-f 3o (XY^ISt^**®^ Wfeet 

it 2&7C^ WHCft-So ) 

JK-h«k(K 2fc©ftsC2 7£#* 0 

qtk]=exp(C£>0kAt) * q[0]+Wzmptotal+ Wfeet 

• • • m 2 7 

q[0]=q'{k] 

• ■ ■ WC2 8 

— ^ je#«03*«©3EKHWffi*S (»1 3@C^tX' , Y' &mm 
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qPc]=Mq'pc]+B 

• • • £2 9 

£5£2 8 fc*5<2 9 &©£5£3 0£?iS o 
qM=Mq[0]+B 

• ■ • HSC 3 0 

»st3 0 ££35 2 7 J;tU &<d£j*3 1 £f#3 0 
Mq[0]+B=exp(coOkAt) * q[0]+Wzmptotal+ Wfeet 

« • ■ £3 1 

^ h U v ^*AcDi£fr?iJ£inv(A) t^"T6t. £sC 3 i^^HWI 
q[0]=inv(M- exp((DOkAt)I)(Wzmptotai+ Wfeet-B) 

•••£32 

36. tf^-eS 1 0 2K:ii&, £^i2 6 ©£r23f5 3^£ffl^TP^Ki <fcoTlkfe 

■r***^^**^ &^t*s i o -ucb^k m^3 z &m^xfei$mmi3} 
&^*c> s i o Gizmz-, Mi$mw®mm&f£ft(} co] *^@#s*©a:#w 

ttia^lwfeij-SMiriafcAifHlit?**©-?, I^T-Cli, ^£. -fit. ts&U 
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«TKL/:««fc5eStl^S*ZMP r<Ei$£ZMPj fcPfciO ZM 

PiEIES CfltiE**«l^iftflI*) *JUx..&c:i:U:J:?K ZMPMaE-TSo USE 
jE3ftrt:ZMP£3fe26Ti*ZMP tl>-5o cn^©K#^l 6H(r^"r o 

RBK^-rjEK, g^ZMP (ZMPtotal) =<KiffZMPH~ZMP<iIE». b 

Wzmptotal== Wzmptmp + a * Wtrim 

• • -13 3 

CCT\ Wzraptinpti. ^Mifr&OifcBmZMP ? - £ -?X$§itk-t 
56«t«»T**o Wtrimf*> a = 1 t Ufc*#©ZMPIKE*K«fcr>T3&£L-r 5 

q"= exp(ooOkAt) * q[0]+ Wzmptmp + a * Wtxim+Wfeet 

■ • ■»84 

a= (q"-exp(<»0kAt) * q[0]- Wzmptmp -Wfeet) / Wtrim 



■ 5 
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mi 2Ei7a-.^ + - houi^KK*^ #^-es 3 0 izm&, 4®3M££ 

£ 1 7 Hte-tcD&a^-T > • 7n- • hT&So 
filT»W-r5t^ S2 0 OfC&^^EI^OMIiZMP^-^fC^-pT 
5l^-i-S»»IS«c^Wznptmp«-*a6, I^V^S 2 0 2 KiiJ^ a= L tlfcS 
<k © Z M P miE& \z J: o T £ «l§ffc$#Wt r i 36 £ 0 

Wfeet*^86, ^>t'S 2 0 6 C**, ^H^CD^ffi^^q [0] £M 
#j3tfg^i:Sa:itKA^^36. 3&a£>fctt£»5t3 5 KffcAUTZ MP 

&t^TS3 0 8 iC**, W8*»V^ «EJB^ZMP(ZMPpend) *Jtmb 
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R^T?S 8 1 4 Kit*. *ttJHA*<$fc&::«»IJI!¥ 1 0 - 8 6 0 8 O-^&treft* 
mi 20?°- ■ ft-hOK?Bi:!l5fc, 2JtVCS 3 t (I A 

gts^t 5 ^ (j£+^f-f vxm&m i o 2 cEM^nso 

gfc, ^©fificDS^CT <fi«D ftg£t& (Him) > B*l£*R&*'frj£ (BP 
5, SiZMP) ©lit. *?£tfB«£*E:*J (flit) ft. a^3>^5-TT>X 

Cl^S*{i#JS¥ (MSI52 2 R, L) tc^IESft, BI*fi¥*SA*<>^*! 

(Kit) *<a#y MM^^t^ 1 0 2iCi££>ft3o 

mm (fliS) £A:t)3*lSi:, *rtl££?ifJ£-r£ 1 2ffl©iH^ (10R CD tt 
£) ©BSfds^ffift^ am ^ffibtHi^ yfa-7l O 8 CS§o 

1 0 8 lis a.-J?,y hJ&M^T^H 0 2 *e»W*nfcHtt«ifl:»-fr Ctt 

•9-3 4) Ki-p-CtfcHiSftSo ^mfSI*BrfIBL/cm^-3>^ , 7'f T>X»^^ 
«#*-tr>-!J- 3 6 !:J;otitfl$n> i£fflfg(;I:&3$$£ftfi!lttffl^R 1 1 2{ci££ 
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mAftfti-ftmist^m^ i 0-27796 9^&£B&^t=i»::fam3ftT^ 

©*C\ #Et!® A^t^gH^F 1 0 - 8 6 0 8 l^K&^TSIIgbfc&^JLiaU 

o 

tcftx., $J£tf#&¥4 - 1 5 0 6 8^|g-Cfil^^n^ ll^tf/^^U 
^S;©i&fF©— SP^-T. IS 1 ©f!5fi©MI©^ 1 5EU::M(ir3s JCSIeIII^ 
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(xo, vo) i&mtmmt* jL&ttma&ofamkmm 

$K mmtzittiLmmmtibX, Y^m&m*iz&zwtmty\zmmirz>&mfr& 
& Q x, Yj3$i%mmzmmir%i:%it, msmmfrxuLfc Y&g. xas, 

4 0 2$1TS 4 0 4 Kig&, njJ^rJls CfiBP 2 3 HK* Ofc «fe -5 
>?i:lM^b/:iil^^f /b) &m^T (X0, YO) £_L{*© 

anttitimii^^ * mm o ^^»wj^-e©#^ 

V0) *l:fle©l0|l§ti:JHIKi:U i*^f;l/^ffl^tIIZMP'&ffit5 

JHUM$ (f 1 4@©X' " , Y' " ntft&HH) ^6ftfc«i:«ftU ^© 
(Xe, Ve) i-TSo 
&^T?S 4 0 8 irit^ ®^©£[J < , (X0, V0) h (Xe, Ve) ©i ( 
errx.erry ) £JHffi-r* 0 BP "6, 5e*t6a*#T?H (X0, V0) fc (Xe, V 
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e) &bTWi:tfftl#ft&ft^C±:j&>£K ^#<DH (errx, erry ) # 0 tft 
SJ3H3&tfeJ8£- (XO+VO/wO) fc«J*B»KSJfc# (XO-VO/wO) # 

s 4 i o -rejeanai^iis 4 i 2(rii^ (x o, v o) oitmzumo 
wmmmm cxo+axo, vo) , (xo, vo+avo) -en-en 

fctt(Xe + AXel, Ve+AVel), (Xe+AXe2, Ve + AVe2 
) &^26&o 

^^S4 1 4*rjfi*^ (xo, vo) fe<kcJf*<ofti£©tDflg|ft««r(r«--r* 

w_bf*&eMi:fiiBtfcii^^{-, dz^ommmmm (xo, vo 

t±tt*>«Ufc-:? (S 4 0 2) £&#TS 4 1 6 Kg*, £1frife!II3D*ll3l&1fcj££ 
q CO] #IS^CD:iSj^&;fci6£ 0 ^TS4 1 8 {ZM^ & 1 ©ilffl^iO^ 
1 5 0©S 1 0 6 kmfiktZfom&ff r>« 

ik^-cm 1 2mkmm®7u- • n:t?v^s 3 0 c**^ ^ta#^© 
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ftt^S 5 0 4 t=ifc#, »»5l*JSfe^jH^errq*B^OsC;*flil,%T^ii>. S 5 

5 0 8 <;:ii&, a=AatU * 1 ©H»fi©J&»t[ai*C* 1 6^©P^iC^-, 
T€a*ZMP^^->fr«EiE*llD^jti«ZMP*aiC te^Sa^-CO^El 
***IHtt5ci(:j;oT, 4-®#^«-eo±#^fiiiJK (X e, Ve)$ 
*i6, & &Kil±»tt3jMftjS:53-q 1 [k] ^H^cD^^ffliMT^^^o 

s 5 o 8 iz&\,^xkat±mmz&m&ti%fflt/^R®fem-c&& a m^m^ 

^^t'S 5 1 Oi'M^ ^7^-«r^»^b$^ S5 1 2 Hit 
&m<0£5lz&libtz.tiREMi&fii3mZMP'<?- y\zm%~ ^BfRZMP'* 

l±Vk*)&L*~7 (S 5 0 0 ) *tt*J-CS 5 1 4(Cit^. N ftjfctttclf&ftfcffiB 

tmm^ ^sr^oftmftjR^K £ttt^&«36ftja#q [o] £4-ei# 
^osefipwaHi^&^tt-cftsq" ^b-rv^^ij- 
^ - * cd 4« to @ at z m p >< * - > ^miE-r & & *> \z l /t 0 



WO 02/40224 



43 



PCT/JPOl/10026 



it lis ^St^HI^ t ic 5 JiftttSI* ©ft git^-^-f J: -5 f 
CD £ a W\ £j£ bjfcttflt liMBf A T'^-rmit^ £>Hf5[ bT b £ 5 
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1 KjSt*^) ft £©&^*7*;l/£BJ<,vr £-e&^ 
* # ^ 5* a> * m ^ r 4 & i \, 

m*nm & n & -e & ^ ? * % < is < * a -5 k asset* «s 

o 

#5 <tt*ffi|fl!*<**^ WJfc^MK-.ft.So 
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con> zMP^iEa^iiiio-r^o ip*^ $je*«arMKT-r<5 0 

U *frafiE*<Jb*<* Con, ZMP«EiE»*<i»iDI-r-5o r#ih**j fctt 

^^Kt^ 3 > ir 4 ) ^fi^t>-^«Cl fefcTWCfcO^ ^>Tj£^<5C©|g 
H2 2 0l±> *©»8©^jWS©5^J»t'«*tt*©«iff©— ap*^ % »1©H 

M©Biii©iii sercis^'rs. ^^m^©sij©ig^i^«^iar$>^ 
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#^/cJp^i&n^y h l ©^^g$gf (^3=J»1 0 0) d&t^T, &1z 

ithmu±-Pf-tmu(0Mmt, x ^wm-z.\% zmp tom^m-r 
> *m&&<0'<? as 2 4) 

<Dfrffa^^-^£;®/£ (S2 6) 

ZgCDJ<7 t-fmiE^&l (S 3 0, S 2 0 0 H 

v^xi?fiB^ia^5S©iftM**je'r'54'ia*siBi^*#i»S! cs 2 0, s 3 0 

0^bS3 1 4) fcfiM.S.fc-SrcflWSLfco 

©8« (WSBU 2^«x./ciHI^i&a^.y h l cD^&j&^g 

zmp) kvmm&mirMti^TJi (*5ia*? < j;cJ t »6igc^-r) . ^< t 
fcsss cs 2 2) tresis fjiaM©ttii CB«sTOs^«iii) tmmm& 
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jg.^wt cs2 4) . f pti< h^-m^mm^^ mm*m&®i-m< mmmm® 
se^gu (S26) N «rEJB*a»**©wia/<?>t-*u:jfcr*# N Krejais^$ 

2i*«*#f36ifcj£#ft5»«! (S28, siooHsioB), fTOB4-ia$g<z) 

H^*©»i|r«*ifcjei- &#NMft&3t^K! (S 2 0, S 8 0 0fr6S8 
1 4) fllfltLfco 

&j3c*in o o) k&^t, wmmuomMK&^xm&.i'&mvktitmtio&i} 
*»K«aF*-rti#ffl-*--5Hi«5Ajwi#a cwzMP#ai»2 o o, s 2 0, 

S 3 0 6 ) „ &te< tt>ma*ffi*ti3feIWBS*fcB**R*^ «J:t)Jl#»K:ii 
JKD3tjflCttfll (ZfcPpend)*jtmi"*#fScjg^ i ef l ^3tjftffc«*HJ^a (S 2 0, 

S 3 0 8), kkmfc&m&ntzm&M?^^Ji®%&fam^^"-citt 

fegxb) ^ItlitSM^f/TOlLffl^ (S 2 0, S3 10)>^< 
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, S20, S3 1 2, S31 4) , t5&&&ft< t & HrtEffffi*tl/£±*tt«* 
(S20, S 8 0 0 ^&S814 % #^£fef£SR 1 0 0) J: -5 KttJjfcbrt: 

o 

2 CMJ U > 2 ) 2 *«*.rt:li|5*;»» d^ y f <D&*&£J8&m. 

SStgBl 0 0) (r*J!/>T % WEHrapo*»{=J:oT5S*-r*«ft*tfi*©^**C 
^^{^nE-rsi5EHI«IJ©ZMPicffi^SPSBZMP CZMPpend)£flJia±tt 
©Wfctt#*rtCj|Cffl"i"*HWBZMPJ|EHI^ft (WZMP#mi§2 0 0, S 2 

o, S 3 0 6)^«< tbimwmznizmmzMP tumzup 4> 

< fc ^^^©llr^^^^lb^fa^S^JSllg^^T 1 ^©^^^ CZMPpen 

cD^rifffi-r^^iaijg^^x^^^s^as^ cs 2 o, S 3 0 8),w<t 
sus-?^^;u^4#m#is cs 2 0, s 3 1 ok 4>tt< ifefjfa*tH$nfc#j 

20, S312, S314o ±#tt«ifeje«2 0 2), *? < kO t ^*< t&ftlfBlf 
ffi^n^i^-feS^ffi^T^. J:Da^K)^(i4-laI^©Bfl^#[^ife^ (jfcffl 
) -r<5^*fe*#a CS 2 0, S 3 0 0 ^$S314, 10 0) 

mtotal/rab ^iUtH/if^^s HiTf Z M P ^ 2 cD^^mteet/mtoal %m 
l5T»fc**«*UTffirffi«l£«-=F*T t ^©3£^tf:iE CIM^g^KTOffxb) * 

2#©P£l$ CmU >?) 2*#;tydW5£»»nsK y h 1 ©^^FfeK^tt C^ 
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SPfi^JCm^R CWZMPJ|cajS2 0 0, S2 0, S 3 0 6 ) f pt£< tfeltj 
<D) (S 2 o, S 8 0 8) fc.^tt 

famm^®. (S 2 0, S 3 l 0) 'J?+Z< £&m&&&£iitzm3LM I ? : Z7 t J\' 

Wt C-bitttBft^Sf 2 0 2 , S2 0, S3 12, S 3 1 4 ) tfr ^ftJjfc;* ft-Sli 
£3**7*^ 4>tt< (S 2 2) (0£b\ liTiaP^ora (SmJS¥fttl 

^^miS) fc1flEJ*E*<z>lftii (e^^M^J^MtHit (g^ZMPmii) ) 

0^*-'<?j«-^«8t3£¥R (S24) , 4?ft< .fcfcflfiEJgJfcKS&U lifers 

(S2 6) % mn&mmmm^om^'y *-?Km~3%, m 

fcJE^B! (S 2 8, S 1 0 0^5S 10 6). fjfa4»^CV^ ^ " * CSo 

S^-H^^^y-^flEiE^ffi CS 8 0, S 2 0 0 ^£S 2 0 8). $3&Xf'pt£ 

&l£irZ<£r®&®mmm®:l£^m (S20, S 3 0 0 ^6S314) *«^.s*d 
< Mbfc, 

fc^TN 1ZMP CZMPfeeOO^mtCoV^TWr-So 

1ZMP (ZMPfeet)*#a&*H»te^ EJT<Z>£##»;fc-r d tfrm& (# 
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*fl= a ) JS^ttit 9 .* - ^ ©£T £ fc tt— «B*3fcl=ifcS 

jSP *to 0 ©IWMifi*^— * > b=mfeet* (ZMPfeet-xp) * (G-C* afeetz) 
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